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Abstract: Carbon nanoparticles (CNP) were synthesized in arc plasma discharge using a simple, low-cost and toxic-free 
precursor gas. The structural and electrical characteristics were examined. SEM image showed existence of a high density and 
uniform nanostructures within the cylindrical bulk CNP tube.  The tube diameter and its length was 28.5 μm and 316.7 μm, 
respectively. The average diameter of the nanoparticles grown in the tube was 600 nm. The electrical characteristics revealed 
low resistance with R = 7.23 kΩ with Cu electrodes.  In addition, the device exhibited a   high conductivity of 3.6 x 107 Scm-1. 
These results indicate the potential of CNP material for power device applications.  
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1. INTRODUCTION 
The research in carbon based devices such as graphene and 
carbon nanotube has been rising tremendously with 
improved performance for diverse applications including 
sensors and power devices [1-3]. Therefore, carbon-based 
nanomaterials with unique electrical properties are not new 
in the research field. However, further studies on their 
electrical characteristics especially for carbon nanotube 
(CNT) based transistor show that CNT can produce a 
massive mobility as high as 100 000 cm2/Vs [4]. In 
addition, CNT can carry a higher current load up to 108 
A/cm2 which is higher in comparison to other materials [5]. 
Similar properties for graphene as their mobility and 
current density can reach up to 20 000 cm2/Vs and 200 μA 
μm−1, respectively [6]. These excellent features of CNT and 
graphene encourage us to investigate another carbon 
allotropes known as carbon nanoparticles (CNPs). 
The CNPs can appear within two conditions either 
metallic or semiconductor. These condition occur with 
depending their chirality and diameter [7]. Also the CNPs 
able to become a new light emitting diode (LED) device 
after silicon. This new application are explored by Ahmadi 
et al. where they successfully demonstrates their CNPs 
which can emit light after applied high current and electric 
field towards the CNPs [8]. The CNPs can be fabricated 
using arc discharge plasma which was explored by a group 
of researchers who investigated the radiation detector 
technology [9]. Their arc discharge has two electrodes that 
made of conducting materials and two pipes that were 
connected to a chamber. One pipe is for the input where 
the gas can be inserted in while another pipe is connected 
to a bubbling system to prevent the re-entry of air 
molecules into the glass chamber. A CNP is synthesized 
between these two electrodes which will have different 
potential. Due to the difference in the potential, electrical 
current will be conducted. However, the electrical 
characteristics of these CNPs are not widely explored thus 
necessitates the study to unleash the material potential. In 
addition, previous arc discharge techniques to grow CNPs 
employed toxic gases such as butane and carbon 
monoxide. Although the synthesis was executed in a 
closed chamber, possible leakage of the gases can cause 
harm to the environment. Therefore, it is essential to use a 
non-toxic gas as precursor to grow these CNPs.  
 In this article, CNPs are grown using arc discharge 
method which are low cost, catalyst-free and using non-
toxic gas as a precursor. The structural, electrical and 
chemical characteristics of the CNPs grown are examined. 
The high conductivity achieved (~105 Scm-1) of the 
material indicates its feasibility towards power device 
applications. 
2. METHODOLOGY  
A p-Si wafer was diced into 1 cm x 1 cm dimension. Then, 
the diced substrates were dipped into acetone and 
ultrasonic bath for 5 minutes. The substrates were rinsed 
in de-ionized water before dipping into ethanol and 
ultrasonic bath for another 5 minutes. Another cycle of 
rinsing was executed before dipping into DI water and 
ultrasonic for 5 minutes. 
   The cleaned substrate was placed inside the arc chamber 
to grow the CNPs. Figure 1(a) shows the arc discharge 
setup in the laboratory. There are two pipes for input and 
output of hydrocarbon that connected to the side of 
chamber. The output pipe was connected to a bubbling 
system to prevent the re-entry of air molecules into the 
Nurul Syazwani Azahurin et al. / ELEKTRIKA, 17(3), 2018, 20-22 
21 
glass chamber. The hydrocarbon gas enters the chamber 
through the input pipes. The DC power supply was 
connected to the chamber to conduct the electricity by 
providing a potential difference across two electrodes in 
the presence of gas. The gas chamber is in atmospheric 
pressure.  
 
 
Figure 1. (a) Experimental setup for CNPs growth (b) 
Glass chamber in Arc Discharge (c) Enlarged view of 
stage and sample inside the glass chamber 
A DC power supply is used to generate the DC voltage 
to the circuit system in order to enable the constant current 
flow for the plasma sparking. The growth of CNPs needs a 
hydrocarbon gas with inserted the gas into the glass 
chamber. A freshener fragrance which contains 
hydrocarbon gas was used in this project to grow the CNPs 
between the copper electrodes.  
Figure 1(c) shows the glass chamber where the CNPs 
will be grown. To separate the carbon nanotube from the 
electrodes, a cube sized stage with a dimension of 1 cm x 
0.8 cm x 1.4 cm and a substrate with 1 cm x 1 cm was 
added into the glass chamber.  
After a cleaned substrate is loaded into the glass 
chamber, hydrocarbon gas was introduced into the 
chamber for about 10 s. The power supply was turned on 
at 12.7 V and current at 0.01 A. Once the power supply 
was turned on, plasma will be generated indicating the 
growth of CNPs has started. The plasma will be 
continuously glow until end of CNPs growth. When the 
glow has disappeared, the chamber was monitored if CNPs 
has been grown across the electrodes.  
The CNPs was characterized in Scanning Electron 
Microsope for imaging the dimensions and morphology. 
The I-V characteristics were measured using 
Semiconductor Parameter Analyzer, Keysight B1500.  
3. RESULTS & DISCUSSION  
Figure 2(a) shows the SEM image of the CNPs grown 
using the arc discharge method after the CNPs was 
separated from the electrodes. From the image, the 
diameter and length of the CNPs grown are 28.5 μm and 
316.7 μm, respectively. The length corresponds well with 
the distance between the two copper electrodes. Figure 
2(b) shows the the EDX results of the CNPs. The results 
indicate 92.6 % of carbon element and 7.4% of oxygen 
element on the CNPs which confirms the sample is carbon 
based material. Figure 2(c) shows the magnified image of 
the CNPs surface. It reveals the existence of many 
nanostructures grown on the surface of the cylindrical bulk 
CNPs from the arc discharge method.  The average 
diameter of the nanoparticles is 600 nm. The nanoparticles 
appear to be dense and uniformly distributed. The 
morphology of the grown CNPs as observed in SEM is 
comparable to other research who used similar method to 
synthesize the CNPs [9-12]. In particular, Ref[9] obtain 
similar result with us. Both have evenly distributed of the 
nanoparticles in the bulk. However, the CNPs produced in 
this work have low density compared to the obtained in Ref 
[9]. This is an important features of the material for many 
electronic applications which include sensors and power 
devices. 
Figure 3 shows the current-voltage, I-V measurement of 
the CNPs with Cu electrodes as the metal contacts. The 
result shows a linear curve with current, I = 138 μA at V = 
1V. From this result, the resistance of the CNPs is 
extracted to be 7.23 kΩ. The resistance value is higher 
compared to previous work by Kasani et al. in which the 
resistance of their CNPs was 0.18 kΩ [9].  This can be due 
to the highly dense nanoparticles produced in this work 
which impede the movement of electrons, hence affecting 
the resistance value.  
From the plot, the current density was calculated, J = 22 
A/cm2 at V = 1 V. This is higher compared to the value 
obtained from [13] which only achieved a value of 0.1 
A/cm2 but lower compared to [9] which achieved a density 
of 302 A/cm2 in their work.  
 
 
Figure 2 (a) SEM image of the grown CNPs (b) EDX 
results of the CNPs (c) Enlarged image of the CNPs 
In addition, the conductivity, σ was calculated from 
Equation (1). 
                                 σ = RL/A                                   (1) 
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where R is the resistance of the CNPs, L is the length of 
the device in cm and A is the cylindrical area of the bulk 
CNPs in cm2. It was found the σ = 3.6 x 107 Scm-1. This 
value is five orders higher than pristine CNT [14] (~102 
Scm-1) and a three order higher than pure CNT fibre [15] 
(104 Scm-1).  
     The low current density achieved in this work can be 
due to the weakly bonded of the carbon atoms in the CNPs. 
As shown in SEM image, the morphology of the CNPs 
consists of nanostructures with different sizes of grains. 
The high conductivity achieved in this work is due to the 
free electrons produced from the weakly bonded atomic 
structure. According to Subramaniam et al. work who have 
mapped the current density against conductivity for 
various relevant materials, the performance of our CNPs 
agree well with metallic materials such as Ti and Pb [5].  
 
 
Figure 3 I-V characteristics of the CNPs-Cu device. 
3. CONCLUSION 
In summary,  CNPs were grown using arc discharge 
technique using a simple, low cost and toxic-free gas as a 
precursor. The surface of the material was characterized in 
SEM which shows a high density of nanostructures on 
CNPs. The electrical characteristics revealed a low 
resistance (7.23 kΩ) with Cu electrodes and high 
conductivity of 3.6 x 107 Scm-1 was achieved. These results 
indicate the potential of CNPs material for power device 
applications.  
ACKNOWLEDGMENT 
Authors would like to acknowledge the financial support 
from the Research University grant of the GUP Tier 1, vot. 
no. 14H63. Also, we would like to thank Universiti 
Teknologi Malaysia (UTM) for providing an excellent 
research environment in which to complete this work. 
REFERENCES 
[1] E. B. Bahadır and M. K. Sezgintürk, "Applications 
of graphene in electrochemical sensing and 
biosensing," TrAC Trends in Analytical Chemistry, 
vol. 76, pp. 1-14, 2016. 
[2] R. Raffaelle, B. Landi, J. Harris, S. Bailey, and A. 
Hepp, "Carbon nanotubes for power applications," 
Materials Science and Engineering: B, vol. 116, pp. 
233-243, 2005. 
[3] S. Sakina, Z. Johari, Z. Auzar, N. E. Alias, A. 
Mohamad, and N. A. Zakaria, "Warping Armchair 
Graphene Nanoribbon Curvature Effect on Sensing 
Properties: A Computational Study," Journal of 
Electronic Materials, pp. 1-8, 2018. 
[4] T. Dürkop, S. Getty, E. Cobas, and M. Fuhrer, 
"Extraordinary mobility in semiconducting carbon 
nanotubes," Nano letters, vol. 4, pp. 35-39, 2004. 
[5] C. Subramaniam, T. Yamada, K. Kobashi, A. 
Sekiguchi, D. N. Futaba, M. Yumura, et al., "One 
hundred fold increase in current carrying capacity in 
a carbon nanotube–copper composite," Nature 
communications, vol. 4, p. 2202, 2013. 
[6] Y. Liang, X. Liang, Z. Zhang, W. Li, X. Huo, and L. 
Peng, "High mobility flexible graphene field-effect 
transistors and ambipolar radio-frequency circuits," 
Nanoscale, vol. 7, pp. 10954-10962, 2015. 
[7] M. M. Sahihazar, M. Nouri, M. Rahmani, M. T. 
Ahmadi, and H. Kasani, "Fabrication of Carbon 
Nanoparticle Strand under Pulsed Arc Discharge," 
Plasmonics, pp. 1-10, 2018. 
[8] R. Ahmadi, M. T. Ahmadi, and R. Ismail, "Carbon 
Nano-particle Synthesized by Pulsed Arc Discharge 
Method as a Light Emitting Device," Journal of 
Electronic Materials, vol. 47, pp. 4003-4009, 2018. 
[9] H. Kasani, M. Taghi Ahmadi, R. Khoda-Bakhsh, D. 
RezaeiOchbelagh, and R. Ismail, "Influences of Sr-
90 beta-ray irradiation on electrical characteristics of 
carbon nanoparticles," Journal of Applied Physics, 
vol. 119, p. 124510, 2016. 
[10] S. Iijima, "Helical microtubules of graphitic carbon," 
nature, vol. 354, p. 56, 1991. 
[11] M. Roslan, M. Abd Rahman, M. Jofri, K. Chaudary, 
A. Mohamad, and J. Ali, "Fullerene-to-MWCNT 
Structural Evolution Synthesized by Arc Discharge 
Plasma," C, vol. 4, p. 58, 2018. 
[12] C. Journet, W. Maser, P. Bernier, A. Loiseau, M. L. 
de La Chapelle, d. S. Lefrant, et al., "Large-scale 
production of single-walled carbon nanotubes by the 
electric-arc technique," Nature, vol. 388, p. 756, 
1997. 
[13] L. Wei, T. Zhao, G. Zhao, L. An, and L. Zeng, "A 
high-performance carbon nanoparticle-decorated 
graphite felt electrode for vanadium redox flow 
batteries," Applied energy, vol. 176, pp. 74-79, 2016. 
[14] R. Lee, H. Kim, J. Fischer, A. Thess, and R. E. 
Smalley, "Conductivity enhancement in single-
walled carbon nanotube bundles doped with K and 
Br," Nature, vol. 388, p. 255, 1997. 
[15] N. Behabtu, C. C. Young, D. E. Tsentalovich, O. 
Kleinerman, X. Wang, A. W. Ma, et al., "Strong, 
light, multifunctional fibers of carbon nanotubes 
with ultrahigh conductivity," science, vol. 339, pp. 
182-186, 2013.
 
 
